Abstract. The present study aimed to investigate the clinical characteristics of hemorrhagic moyamoya disease (MMD) in Jilin province in northeast China. A total of 212 cases of hemorrhagic MMD were consecutively enrolled from the First Hospital of Jilin University in Changchun, China between January 2011 and January 2015. The patients' general clinical data, including age and gender characteristics, history of previous illnesses, hemorrhage type and onset symptoms, Hunt-Hess classification at admission, imaging characteristics, association with aneurysms, treatments and prognosis, were recorded and analyzed using SPSS 19.0. The results demonstrated that i) patients with hemorrhagic MMD in Jilin province were 47.7±11.5 years of age; ii) hemorrhagic MMD was primarily characterized by subarachnoid hemorrhage; iii) a total of 51.9% of the hemorrhagic MMD cases involved a unilateral artery; iv) a total of 24.1% of the hemorrhagic MMD cases were accompanied by anterior choroid artery and/or posterior communicating artery expansion; and v) following conservative or surgical treatment, patients with a prognostic Glasgow Outcome Scale score of 5 accounted for 65.6% of the study population. Therefore, the present study identified characteristics of MMD in Jilin province in northeast China. These results may improve understanding of the epidemiology of MMD in China, which at present remains not well established. Although the results are representative only of Jilin province in China, the study demonstrated high consistency with other studies, and thus may indirectly contribute to general understanding of hemorrhagic MMD etiology.
Introduction
Moyamoya disease (MMD) is a type of chronic vascular occlusive disease of unknown etiology that was first identified in Japan in 1965 (1) , though has since been established to have a global distribution (2) . MMD is characterized by ischemia and hemorrhage. Cases in children are more often characterized by ischemia, whereas more than half of adult MMD patients exhibit various types of cerebral hemorrhages (3) (4) (5) . China and the surrounding Asian countries are areas of high prevalence of MMD (6) (7) (8) . Although previous studies have investigated MMD in Japan and South Korea, few clinical epidemiological studies on MMD have been conducted in China, with even fewer studies on hemorrhagic MMD (9) (10) (11) . Therefore, it is warranted to study hemorrhagic MMD in Jilin, as a province in northeast China adjacent to Japan (Fig. 1 ). The present study consecutively enrolled hemorrhagic MMD cases from the Neurosurgery Department at the First Hospital of Jilin University (Changchun, China). The First Hospital of Jilin University is currently the largest medical institution in Jilin province, and MMD cases admitted to the Neurosurgery Department account for approximately 80% of the confirmed MMD cases in Jilin province (12, 13) ; therefore, the present study may be considered as representative. Jilin province is located in the middle of northeast China, at 122-131° north and 41-46° east. It has a temperate monsoon climate, with typical continental characteristics, namely megathermal wet summers and dry cold winters (14, 15) . Hemorrhagic MMD in this area may have certain clinical characteristics that differ from those in neighboring Japan and Korea. The present study systemically reviewed the clinical data of patients with hemorrhagic MMD admitted to the Neurosurgery Department of the First Hospital of Jilin University between January 2009 and January 2014. This aimed to summarize the clinical epidemiological characteristics of hemorrhagic MMD in Jilin province, to ultimately provide information on key epidemiological characteristics for future research. Among the 212 cases, expansion of the anterior choroid artery (AChA) and/or the posterior communicating artery (PComA) was observed in 51 cases (24.1%).
Subjects and methods

Subjects
Treatments and prognosis.
Of the 212 patients, 144 (67.9%) underwent conservative treatments, while 68 (32.1%) underwent surgical treatments.
Among the 68 patients who underwent surgical treatments, aneurysm embolization was performed in 21 cases (30.9%), aneurysm clipping in 18 cases (26.5%), removal of the hematoma plus a decompressive craniectomy in 10 cases (14.7%), lateral ventricle drainage in 9 cases (13.2%), aneurysm clipping plus roofing of the temporal muscle (encephalo-myo-synangiosis) in 8 cases (11.8%) and simple encephalo-myo-synangiosis in 2 cases (2.9%). Among the 212 cases, GOS scores of 5, 4, 3, 2 and 1 were observed in 139 (65.6%), 21 (9.9%), 28 (13.2%), 13 (6.1%) and 11 (5.2%) cases, respectively.
Effect of an association with aneurysm on hemorrhage type and prognosis. The 212 cases were divided into aneurysm and non-aneurysm groups according to the presence of an aneurysm. The results of a χ 2 test indicated that there was a statistically significant difference (P<0.05) between the two groups regarding the distributions of the hemorrhage types and prognostic GOS scores.
According to the results of the cross table, in the aneurysm group, the highest proportion of patients had SAH (86.5%), followed by ICH (10.8%) and IVH (2.7%). In the non-aneurysm group, the majority of the patients had ICH (45.6%), followed by SAH (37.7%) and IVH (16.7%). The χ 2 test (χ 2 =46.394 and P<0.05) suggested these results were statistically significant (Table I) .
A total of 86.5% of the patients in the aneurysm group had GOS scores of 5 or 4, which was higher than that in the non-aneurysm group (69.6%), indicating good prognosis in these patients. A χ2 test (χ 2 =14.589 and P<0.05) suggested that these results were statistically significant (Table II) .
Effect of the involvement of unilateral or bilateral arteries on aneurysm site. In total, 74 patients presented with aneurysms and were further divided into a bilateral involvement or unilateral involvement group according to the imaging data. A χ 2 test comparing the unilateral and bilateral distribution between the two groups indicated statistically significant differences (P<0.05).
Among the MMD cases involving bilateral arteries, 63.3% involved anterior circulation aneurysms and 36.7% involved posterior circulation aneurysms, whereas among the MMD cases involving unilateral arteries, 86.4% involved anterior circulation aneurysms and 13.6% involved posterior circulation aneurysms. The χ 2 test (χ 2 =5.347 and P<0.05) suggested that these results were statistically significant (Table  III) . Thus, patients with MMD involving bilateral arteries were more likely to develop posterior circulation aneurysms than patients with MMD involving unilateral arteries; however, the percentage of patients with anterior circulation aneurysms was markedly high in both groups. (Table IV) .
Effect of an expansion of the
Association of hemorrhage history with prognostic scores. The 212 patients were further divided into two groups according to hemorrhage history. A total of 32 patients had a history of hemorrhage. A χ 2 test comparing GOS score distribution between the two groups indicated statistically significant results (P<0.05).
Among the 212 patients, 32 patients had a history of hemorrhage, with GOS scores of 5 or 4 accounting for 43.8% of the patients. In the 180 patients with no history of hemorrhage, cases with GOS scores of 5 or 4 accounted for 81.1% of the patients. The χ 2 test (χ 2 =32.195 and P<0.05) suggested that the prognosis of patients with a history of hemorrhage was poorer than that of patients without a history of hemorrhage (Table V) .
Discussion
MMD is a rare cerebrovascular disease of unknown etiology, characterized by progressive intracranial internal carotid artery stenosis and occlusion (8) . It was first identified in Japan in 1965, after which Suzuki and Takaku termed the condition moyamoya disease, as the terminology still used to date (19) . Previous results have suggested that the occurrence and development of MMD are associated with genetic and immune factors (20) . The 212 patients with hemorrhagic MMD enrolled in the current study did not have an obvious history of familial heredity, which may be due to the description of illness history and/or lack of knowledge on MMD among the patients' families. Epidemiological studies have demonstrated that MMD occurs more frequently in Asian countries (21) (22) (23) ; the prevalence rate was 3.92/100,000 in China in 2010 (24), 18.1/100,000 in Korea in 2013 (25) , and estimated to be as high as 50.7/100,000 in Japan in 2016 (26, 27) . Furthermore, the prevalence of MMD tends to be twice as high in females as in males (28) . The gender ratio of hemorrhagic MMD cases Table I . Effect of combined aneurysm on hemorrhage type in moyamoya disease. This finding may be due to the small sample size and/or due to the inclusion of only hemorrhagic MMD cases. Nevertheless, this result suggests that male MMD patients may be more prone to hemorrhagic lesions. Previous studies have reported that the age of onset of MMD exhibits a bimodal distribution, with the first peak occurring at 5-10 years of age and the second peak occurring at 40-50 years of age (29, 30) . The average age of the patients in the current study was 47.7±11.5 years, which is consistent with the timing of the second peak. As few children were enrolled, the first age peak was not observed; this may be attributed to the fact that MMD in children is mainly characterized by ischemia, whereas in adults, hemorrhagic MMD accounts for more than half of all MMD cases (5).
Hemorrhage type ---------------------------------------------------------
Previous studies have demonstrated that patients with MMD combined with aneurysms were more vulnerable to hemorrhage, and 3-15% of MMD cases were accompanied by an aneurysm (31, 32) . However, hemorrhage caused by MMD includes not only the rupture hemorrhage of the merged aneurysm but also the rupture hemorrhage of the pseudoaneurysm or small cystic aneurysm formed by the expanded moyamoya-like vessels or terminal arteries (33) . Aneurysms of the main trunk primarily cause SAH (34) , and hemorrhage caused by small aneurysms of moyamoya-like vessels or terminal arteries are prioritized over ICH, mainly of the periventricular type, and/ or IVH (35, 36) . Among the 212 patients with hemorrhagic Table II . Effect of the combination of moyamoya disease and aneurysm on prognostic GOS score. Table III . Effect of unilateral and bilateral moyamoya disease on aneurysm site. Hemorrhage type MMD included in the current study, SAH was the major hemorrhagic type in the MMD patients with an aneurysm, whereas ICH was the major hemorrhagic type in the patients without aneurysms, which is consistent with the results of previous reports (37, 38) . Previous studies have also identified that MMD combined with aneurysms may be associated with cerebral hemodynamic changes, and that aneurysm is often observed in the anterior communicating artery of unilateral MMD patients (39), but not in the posterior circulation system of bilateral MMD patients (40) . Common non-hemorrhage symptoms of MMD patients include headaches, mild hemiparesis, sensory abnormalities or dysarthria, whereas visual symptoms, cognitive symptoms and epilepsy are rare (26) . In the present study, the patients with hemorrhagic MMD mainly experienced headaches, altered consciousness, nausea and vomiting, which is consistent with the symptoms of SAH and ICH (41) . The clinical manifestations are associated with the type, severity and position of the hemorrhage (42) .
Prognostic GOS score -------------------------------------------------------------------------------------------------------------------------------------------------------
Aneurysm ---------------------------------------------------------
The present study also evaluated the relationship between MMD accompanied by aneurysms and the prognostic GOS scores. The results suggested that a higher proportion of MMD patients with aneurysms compared with those without aneurysms had mild disability (namely GOS scores above 4). This finding indicated that if the patient survived following rupture of an aneurysm of a major blood vessel, then aneurysm treatment may improve prognosis. For patients with hemorrhagic MMD, endovascular interventional treatment may be used to treat patients with major artery aneurysms (13, 43) . Aneurysms can also be clipped directly, though craniotomy clipping may destroy the collateral circulation of the aneurysm, thus causing cerebral ischemia (39) . However, for hemorrhage due to rupture of a pseudoaneurysm or small cystic aneurysm formed by expanded moyamoya-like vessels or terminal arteries, a craniotomy or interventional treatment has difficulty in achieving satisfactory results; therefore, cerebrovascular bypass surgery is often adopted with the parent artery sacrificed (8, 44) . Furthermore, indirect bypass treatment generally requires more than 3 months to develop collateral circulation (45) . In the current study, vascular interventions or clipping achieved more ideal clinical effects in MMD patients with aneurysms, whereas for patients with ICH or IVH, craniotomies or vascular interventions were not effective, probably due to the cerebral hematoma destroying the functional areas, which may be a reason for the low prognostic scores in these patients.
Previous reports also state that hemorrhagic MMD combined with AChA and/or PComA expansion may be the major cause of hemorrhage (32, 46, 47) . Morioka et al (48) examined 107 cases of MMD with AChA and/or PComA expansion (including 70 cases of the ischemic type and 37 cases of the hemorrhagic type) in 2003 and observed that AChA and/or PComA expansion was significantly associated with hemorrhagic MMD. Although the present study did not include ischemic MMD patients, among the 212 patients, 24.1% of the hemorrhagic MMD patients exhibited AChA and/or PComA expansion. In addition, a previous study also reported that AChA and/or PComA expansion was an independent risk factor for IVH (49) . Similarly, in the current study, the proportion of ICH was higher in the patients with AChA and/or PComA expansion compared with the patients without AChA and/or PComA expansion.
Previous studies have also demonstrated that a notable proportion of adult patients exhibited minor hemorrhage with or without symptoms, which significantly predicted the deterioration of MMD and increased the hemorrhage risk (3, 50) . In the current study, the rate of mild disability, namely prognostic GOS scores of 5 or 4, was markedly lower in the MMD patients with a history of hemorrhage than in the MMD patients without a history of hemorrhage, which may be due to the MMD patients with a history of hemorrhage undergoing repeated progression, and thus demonstrating rapid progression that resulted in irreversible damage. Therefore, for patients with confirmed MMD, a positive follow-up should be conducted even if the patient does not present with serious clinical symptoms, and intracranial vascular changes should be closely monitored. Table V . Effect of a history of hemorrhage on prognostic GOS score. In conclusion, the present analyses of the clinical characteristics of MMD in Jilin province (northeast China) indicated that the characteristics of MMD are distinct in this area. The average age of onset was 47.7±11.5 years, and the gender ratio was approximately to 1:1. Furthermore, approximately 1/3 of the hemorrhagic MMD cases were accompanied by aneurysm, and the most common hemorrhagic type was SAH. The prognosis of the patients with an aneurysm was more favorable compared with that of the hemorrhagic MMD patients without an aneurysm. The ratio of ICH and IVH was also higher in the MMD patients with AChA and/or PComA expansion, and the prognostic GOS scores were poorer in the patients with a history of hemorrhage. The patients with bilateral involvement were also more likely to develop posterior circulation aneurysms than those with unilateral involvement. In China, the epidemiological study of MMD is rare, and thus the present findings may improve understanding of the epidemiology of MMD in this region.
Prognostic GOS score -------------------------------------------------------------------------------------------------------------------------------------------------------
